Multifunctional High Precision Pneumatic Loading System (HIPS) for Creep-Fatigue Testing  by Pohja, Rami et al.
 Procedia Engineering  55 ( 2013 )  573 – 577 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Indira Gandhi Centre for Atomic Research.
doi: 10.1016/j.proeng.2013.03.297 
6th International Conference on Cree
Multifunctional High Pre
(HIPS) for C
Rami Pohja∗, Asta Nurmel
VTT Technical Research Cen
Abstract 
The first successful application of the high precision p
at VTT in 1995. The pneumatic servo-controlled loa
such as high temperature, pressurised water or steam
benefit of the pneumatic loading system is that ther
specimen inside a pressure vessel or otherwise dem
electrical feedback connections together with the pn
powered testing device itself can be far away from th
for tensile testing, stress corrosion cracking, fatigue,
environmental impact, has now been modified to pe
range for steels. For the high temperature application
opens new applications for creep and fatigue related
time), relaxation and slow strain rate tensile testing
development work of the HIPS technology for high 
some initial creep-fatigue results and creep-fatigue b
(316L, 347H, 321). 
© 2013 The Authors. Published by Elsevier Ltd
Gandhi Centre for Atomic Research 
Keywords: Creep-fatigue testing; high precision pneumatic l
1. Introduction 
Conventional hydraulic material testing syste
rod penetrates the pressure boundary through a
the high precision pneumatic loading system (H
pneumatic instead of classical servo-hydraulic s
that the testing environment cannot be contamin
∗ Corresponding author: 
E-mail address: rami.pohja@vtt.fi 
p, Fatigue and Creep-Fatigue Interaction [CF-6
cision Pneumatic Loading System
reep-Fatigue Testing 
a, Pekka Moilanen, Stefan Holmström 
tre of Finland, FI-02044 VTT, Espoo, Finland  
neumatic loading system for advanced material testing was dev
ding system is capable of operating in a range of extreme con
, Super Critical Water (SCW) and irradiation environments. Th
e is no moving parts (loading lead-throughs) required for lo
anding containment (water, gas, radioactive), only pressure lin
eumatic loading unit, bellows are required. Also, the pneum
e control units and regulating servo valves. The HIPS, previous
 in-pile creep fatigue (copper), and other test variants with co
rform load and strain controlled testing at temperatures in th
s where creep is an active damage mechanism, the HIPS tech
 testing types such as standard creep-fatigue (with and witho
. The main focus of this paper is to present the current status
temperature applications, presently conducted in air atmospher
ehavior comparisons are presented for some austenitic stainles
. Selection and/or peer-review under responsibility of the
oading system (HIPS); austenitic stainless steels 
ms produce the load on the specimen by using a pull ro
 sealing element, which causes an additional friction fo
IPS) the operation principle of the material testing sys
ystems in order to produce highly accurate control and 
ated with the pressurisation medium [1].  
] 
eloped 
ditions 
e main 
ading a 
es and 
atically 
ly used 
mbined 
e creep 
nology 
ut hold 
 of the 
e. Also 
s steels 
 Indira 
d. Pull 
rce. In 
tem is 
ensure 
Available online at www.sciencedirect.com
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Indira Gandhi Centre for Atomic Research.
574   Rami Pohja et al. /  Procedia Engineering  55 ( 2013 )  573 – 577 
Typically, the HIPS concept consists of the pneumatic servo controlled pressure adjusting loop with 
programmable servo controllers, pneumatic loading unit, bellows, together with the loading frame, test 
specimen and measurement sensors as shown in Fig.1. The system can therefore be used for testing of small 
size specimens in demanding and sensitive test environments, which is a significant advantage in in-reactor 
tests.  
 
 
Fig. 1. (a) The main components of the HIPS system, (b) the main parts of the displacement measurement system, (c) the loading frame,  
(d) the specimen fixing parts and (e) LVDT fixing flanges. 
2. HIPS applications 
The HIPS concept is capable of operating in a number of different challenging environments such as at high 
temperature, pressurised water and steam, SCW and radiation environments. The wide spectrum of tests 
enabled by the flexible pneumatic bellows based loading unit concept includes tensile testing, stress corrosion 
cracking, fatigue, creep fatigue, tensile and fatigue under radiation and many variants with combined 
environmental impact. The system has also been successfully used as a high accuracy mover in a contact 
electrode resistance (CER) measurement system. Detailed description about the various HIPS applications and 
testing environments described above are presented in references [1-7]. 
3. HIPS application for creep-fatigue testing  
Creep-fatigue testing is typically performed at elevated temperatures and involves the sequential or 
simultaneous application of the loading conditions necessary to generate cyclic deformation/damage enhanced 
by creep deformation/damage or vice versa [8]. The latest version of the HIPS creep-fatigue testing device 
includes components that enable the testing at temperatures up to 800°C in air atmosphere.  
The pneumatic servo controlled pressure adjusting loop based control setup of HIPS is patented and it is 
basically the same for all the applications, with a few small modifications demanded by the selected 
environments. The main components of the HIPS creep-fatigue pressure control system are schematically 
presented in Fig.1(a). The pneumatic servo controlled pressure adjusting loop system consists of four separate 
pressure boundaries (A), (B), (C), and (D), as shown in Fig.1(a). The gas flow needed for the servo valve (6) is 
provided by the compressor (1). From the flow valve (4) the gas is led to the bellows (5) and to the servo valve 
(6) by using gas tubing. The suitable pressure for bellows is adjusted by letting the gas out from the pressure 
boundary (C) via the servo valve. In the current HIPS creep-fatigue application the pressure boundary (D) is at 
atmospheric pressure. During the tests, the pressure of the pressure boundary (C), and therefore also the 
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bellows (5), is adjusted by controlling the continuous gas flow through the flow valve (4) and the servo valve 
(6). Only one mechanical flowing valve (4) and one servo valve (6) or electrically controlled closing valve are 
needed to provide the adjustable pressure for the pressure boundary C. With this kind of a setup, a two-way 
pressure controlling system is created. By opening the servo valve the pressure in the bellows (5) decreases 
while throttling the servo valve causes the pressure to increase. The load that the bellows induces to the 
specimen is directly proportional to the pressure of the bellows (5) (pressure boundary (C)). The HIPS creep-
fatigue application is capable of handling the pressure levels of up to 200 bars, which enables the testing of 
even the most demanding high temperature nickel-based superalloys. 
The first generation HIPS creep-fatigue testing unit was equipped with a single pneumatic loading unit, 
bellows, which enabled the material testing with tensile load only. In order to produce both the tensile and 
compressive loads required in cyclic creep fatigue tests in the HIPS, the loading module has two pneumatic 
loading units, e.g., bellows. Each pneumatically powered bellows has its own pressure adjusting loop (E) which 
is connected to the amplifier and servo controller in order to produce the tensile and compressive loads required 
with high accuracy. The operation principle of the two bellows based fatigue loading module is shown in 
Fig.1(c) and (d). The specimen is fixed to the loading frame by special nuts. The moving specimen holder is 
mechanically connected to the middle flange (between the bellows (1) and (2)) using connecting rods as shown 
in the Fig.1(c). The two bellows can be pressurised either simultaneously or separately to produce different test 
types. In the loading frame, one side of the specimen is attached to a fixed point with a regular fixing nut, while 
the other is attached to a moveable fixing point with metal slides as shown in Fig.1(d). Thin metal slides align 
the specimen and its moveable fixing point, enabling only axial movement. The friction caused by the metal 
slides is minimal. The current loading frame is designed for test specimens with threaded connection and total 
length of 102 mm. The length of gage section is 10 mm. 
The displacement produced by bellows to the specimen is measured with the LVDT-sensor (7). The LVDT 
sensor gives a feedback signal to the servo controller. The servo controller compares the LVDT sensor’s 
feedback signal to a pre-set base signal. The servo controller adjusts the servo valve so that the two signals 
become equal. The feedback signal system and the user interface of the servo controller enable the adjustment 
of the strain range, strain rate and hold period during tensile or compressive load, even during the test. The 
LVDT sensor is connected to special flanges which are connected to special fixing points at both ends of the 
specimen’s 10 mm gauge section. The operational principle and the main parts of the LVDT sensor based strain 
measurement system are shown in Fig.1(b) and (e). The strain measurement system consists of the LVDT 
sensor, extra posts and connection clips. Two posts are mechanically connected to the upper extra flange and to 
the LVDT sensor’s body. The other two posts are mechanically connected to the lower extra flange and to the 
LVDT sensor’s plunger. The extra flanges are connected to the posts with spring loaded connection clips in 
order to avoid free clearance between the touching parts. 
One of the main features of the HIPS is the level of accuracy both in displacement (strain) and force (stress) 
reached in the various testing environments. The calibration of each system requires naturally thorough test 
runs with instrumented pressure, load, temperature and feedback. Figure 2(a) shows the force measured with 
external force sensor and calculated by the bellows pressure sensor as a fuction of time in the calibration 
procedure of the high temperature creep-fatigue application of HIPS. 
The data acquisition of the HIPS creep-fatigue application is performed using in-house "Bellows Fatigue" 
software developed at VTT. With the software it is possible to programme the test setup, start and stop the 
measurements and draw graphs during on-going test. The program also enables a user to examine a single loop 
or a large set of data during or after a creep-fatigue test. The Bellows Fatigue user interface is shown in Fig. 3. 
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Fig. 2. (a) The force measured with external force sensor and calculated by the bellows pressure sensor, and (b) stress as a function of 
cycles for austenitic stainless steels 316L, 347H and 321 tested at 600°C with various strain levels and hold times. The strain rate for each 
test is 0.00167mm/s. 
 
Fig. 3. The Bellows Fatigue user interface. 
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4. Discussion and future plans 
The HIPS technology up to date has proven its capability in different options for material testing, also in 
difficult environments. The HIPS technology will be (and is currently) developed towards smaller dimensions. 
The best example for this development is in the miniature autoclave concept under construction both at VTT 
and JRC Petten (Netherlands).  
For the high temperature creep-fatigue application of HIPS, the direction of development is towards higher 
testing temperatures, more demanding test materials and more hostile testing environments. A test pattern for 
high temperature nickel-based superalloys including LCF and creep-fatigue tests in strain control as well as in 
stress control with hold periods up to 10h and strain ranges up to 1.5% will be introduced in the near future. 
Simultaneously, the data acquisition system will be improved based on the knowledge obtained so far for the 
purposes of the advanced creep-fatigue modelling. Objectives in the more distant future include studying the 
possibilities of new displacement control measurement system based on laser technology and testing with 
combined environmental impact. 
 
 
 
Fig. 4. (a) A stress-strain hysteresis loop and (b) stress relaxation during a 4 minute hold period at peak tensile strain for austenitic stainless 
steel 321 tested at 600°C. The relative relaxation is the stress level as a function of time during the hold period divided by the maximum 
stress level at the beginning of the hold period. 
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